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ABSTRACT 

The Army Preliminary Evaluation of the tractor tail rotor modi- 
fication on the AH-1G helicopter was conducted in California at 
Bishop Municipal Airport (4000 ft) and Coyote Flats (9500 ft) during 
the period 9 August to 31 August 1968. This test was conducted to 
confirm the results of the feasibility tests with the proposed final 
configuration for this modification and also to evaluate both the 
performance in hover and level flight and the handling qualities 
throughout the flight envelope. This modification provides an in- 
crease in the usable in-ground-effect (IGE) operating envelope and 
improves the directional control characteristics while maneuvering. 
The test showed good agreement with the results of the earlier feas- 
ibility tests. The maximum safe IGE maneuvering envelope for the 
tractor tail rotor AH-1G was determined and defined by those condi- 
tions of gross weight and density altitude where a 10-percent direc- 
tional control margin was available in the critical azimuth in a 15- 
knot wind. Using the same criteria for the standard AH-1G configu- 
ration, the difference due to the improved directional control with 
the tractor tail rotor is equivalent to an additional 1500 pounds 
payload at the same density altitude. However, the standard AH-1G 
operator's manual contains specific wind azimuth and gross weight 
restrictions which are less severe than the criteria defined above. 
With these operational restrictions applied to the standard AH-1G, 
the difference in operating weight for the two configurations is 
considerably less than 1500 pounds; however, the safety margin is 
reduced.  It must be emphasized that the tractor tail rotor does not 
solve the basic directional control problem of the AH-1G. The per- 
formance capability of the AH-1G weapon system cannot be realized 
because of the inadequate directional control. The power loads in 
the tail rotor drive system are still high with the tractor tail 
rotor. Steady state power loads recorded in the tail rotor drive 
were near the revised maximum allowed of 165 shaft horsepower (shp). 
Transient peaks up to 225 shp were recorded during maneuvers. The 
performance and handling qualities in forward flight up to never- 
exceed airspeed (V^g) showed no significant difference between the 
standard and tractor tail rotor configurations. 

IV 



TABLE OF CONTENTS 

 t 

Background  1 
Test Objectives  2 
Description   2 
Scope of Test  3 
Method of Test  3 
Chronology  4 

 5 

Performance   
Hover Performance  5 
Level Flight Performance  5 

Stability and Control   5 
Control Trim Positions  5 
Static Lateral and Directional Stability  6 
Dynamic Stability   6 
Controllability   6 
Simulated Engine Failure  8 

Directional Control Capability  8 
Paced Flight  9 
Arrestment of Hover Turn Rates 13 

 14 

 15 

I. References 16 
II. Test Data 17 

III. Test Instrumentation 70 
IV. AH-1G Operating Limitations 71 
V. Pilot Rating Scale 72 

VI. Distribution 73 



I 

INTRODUCTION 
BACKGROUND 

1. Results of the US Army Aviation Systems Test Activity (USAASTA) 
Phase B testing showed that the directional control power was inade- 
quate within a large portion of the proposed low speed in-ground-ef- 
fect (IGE) maneuver envelope for the AH-1G helicopter. These tests 
had been conducted with a 20-degree tail rotor blade angle rigging 
for full left pedal (ref 2, app I). The tail rotor was rerigged to 
23 degrees to provide more directional control and flight tested by 
the contractor. With the increased maximum blade angle more direc- 
tional control was available, but the high power loads in the tail 
rotor drive system (up to 290 shaft horsepower (shp)) caused unaccep- 
table damage to the tail rotor drive system components. Equally im- 
portant, the increased control did not solve the problem of direc- 
tional control instability at certain conditions of relative wind 
within the required operating envelope. Later, a revised tail rotor 
blade configuration was tested with similar results. The contractor 
then conducted tests to define the maximum thrust capability of the 
tail rotor and the corresponding horsepower required to develop it 
as a function of the tail rotor blade angle, A rigging of 19 de- 
grees was determined to require approximately 230 shp when develop- 
ing maximum thrust. Limited tests were then conducted by the con- 
tractor and USAASTA to define the safe operating envelope and pro- 
vide guidance for the operators (ref 3, app I). These tests proved 
that even at the lowest usable mission weight and low altitudes, 
large areas of uncertain and inadequate directional control existed. 
Various warnings and operating restrictions were imposed on the 
AH-1G as a result. Despite these warnings and restrictions, there 
are continuing reports from the operating units of incidents and ac- 
cidents resulting from loss of directional control while maneuvering 
in the parking or loading areas. The reports also indicate that the 
restrictions on weight significantly reduce the combat effectiveness 
of the helicopter. To eliminate these restrictions, a modification 
was then proposed by the contractor using the same gear boxes, tail 
rotor blades, most control components and a tractor type tail rotor 
configuration. The modification is fully described in reference 5, 
appendix I, BHC Engineering Change, Proposal AH-1G 350, Early tests 
were conducted by the contractor and USAASTA within the low speed 
maneuver envelope to evaluate the feasibility of the tractor tail 
rotor configuration as a solution to the AH-1G directional control 
problem (ref 4, app I). These tests indicated a larger operating 
envelope was possible and the directional control instability at or 
near control limits was largely eliminated. Further testing by the 
contractor to clear the modification throughout the complete speed 
and maneuver envelope was completed in July 1968. On 19 July 1968 
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the US Army Aviation Systems Command (USAAVSCOM) directed USAASTA to 
conduct an Army Preliminary Evaluation (APE) of the tractor tail rotor 
on the AH-1G helicopter (ref 7, app I). The test sites were selected 
to provide a basis for comparison with the results of the previous 
tests and evaluate the maneuver envelope at higher altitudes. 

TEST OBJECTIVES 

2. The test objectives of the Army Preliminary Evaluation were as 
follows: 

a. A quantitative and qualitative evaluation of the high speed 
handling qualities of the AH-1G and the tractor tail rotor configu- 
ration. 

b. A quantitative and qualitative evaluation of the handling 
qualities in the low speed envelope up to the maximum usable density 
altitude. 

c. A quantitative evaluation of the hover and level flight per- 
formance of the AH-1G with the tractor tail rotor. 

DESCRIPTION 

3. The test aircraft, S/N 66-15283, is the thirty-ninth AH-1G pro- 
duced by the Bell Helicopter Company (BHC). It was designed specifi- 
cally for the armed role. It is a conventional helicopter with a 
narrow fuselage two-place tandem (gunner forward and pilot aft). 
The main rotor has two blades and a door hinge. The modified tail 
rotor resembles the standard except it is located on the right side 
of the vertical pylon and rotates in the opposite direction (counter- 
clockwise). The rigging for full left pedal is a 19-degree tail rotor 
blade angle, the same as used for the standard configuration. The 
controls are conventional in the aft (pilot) cockpit. The cyclic and 
collective are short, side-arm type in the front (gunner) cockpit. 
The controls to the swashplate are positive mechanical with a dual, 
irreversible hydraulic boost system to reduce control forces. A mag- 
netic-brake type, spring-feel system is provided for the cyclic and 
directional controls. A three-axes stability and control augmenta- 
tion system (SCAB) is installed to improve the handling qualities. 
The  elevator ?s mechanically linked to the longitudinal cyclic con- 
trol to provide improved static longitudinal stability and larger 
center of gravity (eg) range. The helicopter is powered by a Lycom- 
ing T53L-13 turboshaft engine rated at 1400 shp. The engine is de- 
rated to 1100 shp at 314 rotor rpm due to main transmission torque 
limitations. 



SCOPE OF TEST 

4. The scope of this APE was limited by the time the aircraft was 
available to USAASTA fo" testing. Two weeks for testing were allot- 
ted with an additional week for aircraft preparation and ferry 
flights. Although the AH-1G was not held to MIL-H-8501A in direc- 
tional control at the time of acceptance, comparison of data results 
with the specification was made in the appropriate sections. 

5. The flight restrictions which governed the conduct of this test 
were those defined in the operator's manual (ref 8, app I) with the 
following exceptions as stated in the safety of flight release (ref 
6. app 1): 

a. Current limitations with gross weight on sideward and rear- 
ward flight and takeoffs and landings are rescinded for this air- 
craft and sideward and rearward flight limits for all gross weights 
and altitudes are 35 knots. 

b. Rapid hovering turns and large, rapid directional pedal in- 
puts should be avoided in order to preclude damage to the tail rotor 
gear boxes. Moderate turn rates of 30 deg/sec (90 degrees in 3 sec- 
onds) should not be exceeded. The abrupt arrestment of turns in ex- 
cess of 30 deg/sec is prohibited. 

c. If 175 shp is exceeded on the tail rotor drive shaft, an in- 
spection is required in accordance with AMSAV-SDO message 10-4, 24 
October 1967. 

6.  Eighteen test flights were flown during this test for a total of 
17.6 hours. In addition, 22.4 hours were flown ferrying the air- 
craft to the test sites and returning it to Arlington, Texas. Since 
Phase D testing with the standard AH-1G was in progress, similar 
tests were flown with it to provide comparison data. 

METHOD OF TEST 

7. Performance and stability and control were evaluated using stan- 
dard engineering flight test techniques for both the hover and level 
flight conditions. 

8. Paced flight tests were conducted in ground effect (IGE) at the 
4000- and 9500-foot sites. A calibrated ground pace vehicle was 
used for speed reference and the heading was varied in even incre- 
ments to cover all relative wind azimuths at each speed. Wind speed 
and direction were continuously monitored and this was correlated 



with the data points by radio.    Control positions, attitudes, rates, 
tail rotor blade angle and tail rotor shaft torque were recorded for 
each stabilized point.    Data points were taken up to the control 
limit or 35 knots, whichever occurred first. 

9. The directional control capability was evaluated by making rapid, 
full pedal control inputs from stabilized flight conditions where 
left pedal remaining was less than 10 percent. 

10. Arrestment of hover turn rates was evaluated by establishing 
steady hover turn rates to the right in calm conditions and rapidly 
applying full  left pedal until the turn rate was zero.    Yaw rate, 
pedal input and tail rotor shaft torque were recorded. 

CHRONOLOGY 

11.    The chronology of this program is as follows: 

Test directive received 
Test helicopter received 
Flight test commenced 
Flight test completed 
Test helicopter returned to contractor 
Preliminary report submitted 

19 July 1968 
9 August 1968 

15 August 1968 
31 August 1968 

3 September 1968 
25 October 1968 



RESULTS & DISCUSSION 

PERFORMANCE 

Hover Performance 

12.    Tethered hover tests were conducted to detennine the hover per- 
formance of the AH-1G tractor tail rotor configuration.    The results 
are shown in figure 1,  appendix II.    Comparison of the hover perfor- 
mance for the tractor and the standard tail rotor configurations 
under the same conditions showed some difference in power required. 
The significance of the difference can not be accurately determined 
due to the lack of an engine calibration for the tractor tail rotor 
test aircraft. 

Level Flight Performance 

13.    The results of the level flight tests are presented in figures 
1 through 4,  appendix II.    The tests were conducted at a forward 
center of gravity (eg) with four XM159 rocket launchers (Hog Con- 
figuration) .    Gross weight and density altitude were varied to pro- 
vide a range of CT for beat comparison with standard AH-1G Phase D 
data.    The comparison showed some difference in power required for 
the two configurations.    This difference may or may not be signif- 
icant depending on the error in the engine torque system of the 
test aircraft.    Further testing with a calibrated engine would be 
required to accurately determine performance differences. 

STABILITY AND CONTROL 

Control Trim Positions 

14.    The directional control pedal requirement during hovering flight 
was recorded at each data point to detennine where the operating en- 
velope was limited by lifting thrust capability or directional con- 
trol available.    Two skid heights, 5 and 100 feet, were used to pro- 
vide the data for comparison with the standard AH-1G, Phase D test 
results.    Because of unreliable load cell readings during the teth- 
ered hover test at 10,500  feet, the thrust coefficient  (Or)  data was 
not available; however,  power and pedal position data were recorded. 
An extrapolation of the power coefficient  (Cp)  versus CT curve ob- 
tained from hover tests at 5500 feet HQ was used to derive CT values 
for the measured power data.    The derived CT values were then plot- 
ted with pedal position (fig 5, app II). 



15. The control trim positions for trimnufu level  'light were ob- 
tained during the level flight performance testi,.    The data are pre- 
sented in figure 6, appendix II.    The curves are similar to those of 
the standard AH-1G. 

Static Lateral and Directional Stability 

16. The static lateral and directional stability tests were conduc- 
ted at three trim airspeeds with fixed collective.    The sideslip 
angle was increased in increments from zero to the limit in both di- 
rections.    The quantitative data are presented in figure 7, appendix 
II.    The static lateral and directional stability is positive and 
increases with increasing airspeed.    These results are similar to 
those of the standard AH-1G Phase D data and cornnly with paragraph 
3.3.9  of MIL-H-8501A. 

Dynamic Stability 

17. Following one-inch pulse inputs, the dynamic stability charac- 
teristics of the AH-1G tractor tail rotor were qualitatively evalua- 
ted.    The results showed no significant difference between the trac- 
tor and standard configurations (PRS A2 for SCAS ON, PRS A3 for SCAS 
OFF). 

Controllability 

18. Lateral and directional controllability tests were conducted in 
hover and forward flight.    Quantitative data are presented in fig- 
ures 8 through 19, appendix II.    Table 1 shows the directional re- 
sponse results at various gross weights,  altitudes, eg and trim air- 
speed for 0.75-inch inputs. 

19. The maximum yaw displacement recorded for a 1-inch pedal in- 
put was well below the maximum of 50 degrees allowed in paragraph 
3.3.7 of MIL-H-8501A.    The response to directional control inputs  is 
equal in both directions for the tractor tail rotor.    For the same 
test conditions,  the standard AH-1G directional response to the left 
is 6 deg/sec less than the rate to the right.    The directional re- 
sponse characteristics in forward flight are similar for the two con- 
figurations. 
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20. The maximum roll rate during a SCAS OFF lateral stick input of 
1 inch was  21.5 deg/sec to the right and 20.5 deg/sec to the  left, 
respectively, at a gross weight of 7705 pounds and 128 KCAS.    At a 
gross weight of 8800 pounds and 118 KCAS,  the rates were 23 deg/sec 
and 18 deg/sec.    For SCAS ON 1-inch lateral inputs, the maximum 
roll rates were 14 deg/sec right and 15 deg/sec left at 7705 pounds 
and 128 KCAS.    At 8800 pounds and 118 KCAS, the rates were 17 deg/sec 
right and 14 deg/sec left.    There was no tendency to over-control 
during SCAS ON flight (PRS 2).    For SCAS OFF flight, the roll con- 
trol characteristics are degraded considerably at high speeds above 
120 KCAS.    The aircraft has a short-period roll oscillation,  and the 
control characteristics are such that experience and practice are 
required to avoid P10 in roll with roll channel OFF  (PRS 5) . 

Simulated Engine Failure 

21. The aircraft behavior following a simulated engine failure was 
evaluated qualitatively at airspeeds up to VNE at 6000 feet HQ.    The 
tests indicate no noticeable difference in aircraft characteristics 
between the two configurations (PRS 4). 

DIRECTIONAL CONTROL CAPABILITY 

22.    During the directional control capability tests, the yaw re- 
sponse of the aircraft at critical wind azimuth and speed conditions 
was qualitatively evaluated to determine the margin of directional 
control travel required for safe IGE maneuvering.    Qualitative im- 
pressions were correlated with the time history records of several 
left pedal inputs from stabilized sideward flight conditions where 
less than 10 percent of the total travel was available.    Three such 
time histories are presented in figures 46, 47 and 48, appendix II. 
As a result of these tests, a yaw response of 8 deg/sec in 1  sec- 
ond after the input is considered marginally adequate for this air- 
craft.    Figures 10, 46, 47 and 48 show that an input of 10-percent 
pedal travel (0.5 in.) will produce a yaw response of at least 8 
deg/sec in 1 second for all conditions tested.    This margin,   10 
percent of the directional control travel, is significantly less 
than that required to meet the requirements of paragraph 3.3.6 of 
MIL-H-8501A.    The specification requires a margin of approximately 
14 percent.    This 4-percent difference, although small, results in 
a significant difference in the flight envelope.    The envelopes shown 
in figure 20 would be reduced approximately 5 knots each.    To achieve 
the specification yaw response, 5 degrees displacement at a gross 
weight of 9500 pounds at the critical azimuth and 35 knots would re- 
quire a tail rotor thrust much greater than the capability of either 
the standard or tractor tail configurations on the AH-1G helicopter. 
In addition, the AH-1G is further limited in both configurations by 
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maximum power allowed in the tail rotor drive system. Thus, these 
directional control capability tests defined the maximum safe IGE 
maneuver envelope for the AH-1G with the tractor tail rotor installed. 

23. The AH-1G, with either tail rotor configuration, does not meet 
the present specification criteria for IGE yaw control power and di- 
rectional response at the maximum gross weight and 35 knots. The 
present specification is considered inadequate for both design and 
test purposes. The following are reasons for this consideration: 

a. The criteria considers gross weight only with no allowance 
for the role (or category) of the helicopter, specifically not pro- 
viding for very heavy helicopters. 

b. The criteria describes a yaw displacement without consid- 
ering the yaw rate and acceleration characteristics which are the 
pilot's cues and form the basis for his control inputs. 

c. The criteria provides no minimum pedal travel margin. This 
must be considered along with total travel available, control sen- 
sitivity and the directional stability characteristics near the 
limit conditions. In this aircraft the minimum travel required is 
considered to be 0.5 inch. 

PACED FLIGHT 

24. Ground paced flight at selected azimuths and speeds was the test 
technique used to evaluate the IGE maneuver envelope. A calibrated 
ground pace vehicle was used as a speed and position reference. The 
speed was increased in 5-knot increments from 5 to 35 knots or until 
the control limit was reached. At each speed the relative wind azi- 
muth was varied through 360 degrees by stabilizing on selected head- 
ings while maintaining a constant ground track over the runway. The 
skid height maintained during the tests was approximately 5 feet for 
all points. The test conditions flown with the tractor tail rotor 
and standard tail rotor configurations are summarized in tables 2 
and 3, respectively. The test results are presented in figures 20 
through 45, appendix II. 



and standard tail rotor configurations are summarized in tables 2 
and 3, respectively. The test results are presented in figures 20 
through 45, appendix II. 

Table 2. Test Conditions - Tractor Tail Rotor. 

Configuration 
Gross 
Weight 
(lb) 

CG 
Location 

(in.) 

Density 
Altitude 

(ft) 

Rotor 
(rpm) 

Heavy Scout 8420 192.3 4,685 324 

Heavy Scout 8885 194.5 6,010 324 

Heavy Scout 8235 193.2 10,240 324 

Table 3. Test Conditions - Standard Tail Rotor . 

Configuration 
Gross 
Weight 
(lb) 

CG 
Location 

(in) 

Density 
Altitude 

(ft) 

Rotor 
(rpm) 

Heavy Scout 8060 200.7 130 S24 

Heavy Scout 8060 200.8 570 314 

Heavy Scout 8050 200.8 5,260 324 

Heavy Scout 7250 195.4 11,100 324 

25. The 10-percent directional control margin discussed in para- 
graph 22 was used to define the areas of inadequate directional con- 
trol . To ensure acceptable yaw response for this aircraft in the 
most adverse condition, the 1GK maneuver envelope was defined by 
those stable IGE flight conditions where at least 10 percent (0.5 
in.) of the total pedal travel is available as a control margin. 
This criterion is more accurately based on a steady tail rotor blade 
angle of 16.1 degrees with the remaining 2.9 degrees available as 
margin, regardless of the SCAS yaw actuator position, since the pedal 
position for certain tail rotor pitch angles vary with SCAS actuator 
position. The tractor tail rotor aircraft was modified to provide 
sufficient pedal travel to ensure that the defined, maximum tail 
rotor blade angle (19 degrees) could be obtained in the most adverse 
position of the SCAS actuator. The BHC changes to the directional 
control linkage include a modified bell crank and new location of 
the stops. The bell crank affects a 12-percent gearing change 
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between the- pedal position and the tail rotor blade angle.    This pro- 
vides a margin of 12-percent left pedal travel with the SCAS actua- 
tor nulled.    This modification was not on the tractor tail rotor 
AH-1G used for the feasibility tests;  consequently, those tests were 
based on a 12.5-percent control margin.    The standard AH-1G used 
during these tests did not incorporate this yaw control geometry 
change either.    All data for the tests with the standard AH-1G were 
taken with the SCAS yaw channel OFF.    This was done for two reasons, 
to ensure that the full  19-degree tail rotor blade angle would al- 
ways be available to the pilot and also to facilitate rapid data re- 
duction, since no tail rotor blade angle data were available except 
by addition of the pedal  and SCAS actuator positions.    The data pre- 
sented for the tractor tail rotor tests were also taken with the yaw 
SCAS OFF, although comparison tests were flown with the SCAS ON. 

26. The critical wind azimuth for the tractor tail rotor configu- 
ration is a right crosswind; for the standard configuration it is 
ahead of a direct right crosswind, 60 to 65 degrees off the nose of 
the aircraft.    At and just below translation speed, 12 to 14 knots, 
the standard configuration is unstable at most crosswind and tail- 
wind headings.    The control inputs required to maintain a heading 
(±10 degrees)  are frequent and considerably larger than for other 
flight conditions.    This  instability results in marginal or inade- 
quate directional control.    The critical wind speed for the trac- 
tor tail rotor was  16 knots at a referred gross weight  (W/o)  of 
9680 pounds,   12 knots at  10,600 pounds and zero at 11,230 pounds. 
The comparable numbers for the feasibility test with this aircraft 
are 27 knots  at 9400 pounds,  18 knots at 9800 pounds and 13 knots 
at 10,800 pounds.    For the standard configuration with the yaw SCAS 
OFF and the 10-percent pedal-remaining criterion,  the critical speed 
is 15 knots at 8100 pounds,  10 knots at 9450 pounds and 13 knots at 
8240 pounds using 314 rotor rpm.    During testing at Coyote Flats, di- 
rectional control of the standard AH-1G was completely lost on one 
occasion, while it was possible to maintain control under the same 
conditions with the tractor tail rotor aircraft and accomplish more 
demanding maneuvers. 

27. The paced flight tests showed the tractor tail rotor was much 
more stable and easier to control than the standard AH-1G at all 
relative wind azimuths up to the absolute control  limit.    The stand- 
ard AH-1G required frequent and occasionally large pedal inputs to 
maintain heading in the critical conditions.    This difference in the 
ease and accuracy of directional control is considered to be an im- 
portant improvement offered by the tractor tail rotor.    With consis- 
tent response and no areas of instability,  the number of incidents 
and accidents due to loss of directional control with this aircraft 
should be reduced. 

11 



28.    Figure A shows the IGE maneuvering flight envelope for the trac- 
tor and standard tail rotor configurations.    The envelope is based on 
a control margin of 10-percent pedal travel at a critical azimuth in 
a 15-knot wind.    For the same conditions and wind/azimuth restric- 
tions, the tractor configuration shows a 1500-pound greater payload 
capability.   For density altitudes above 1000 feet, the envelope 
shows a reduction of payload from the performance capability.    At 
5000 feet this difference is approximately 1100 pounds.    If more de- 
manding directional control criteria are used,  the difference is even 
greater.    The tractor configuration affords a significant improvement 
and should be considered as an interim modification for AH-1G heli- 
copters.    However, it must be strongly emphasized that this would 
only be a partial, expedient solution to the AH-1G directional con- 
trol problem.    A study and/or development program is required to pro- 
vide a directional control system for the AH-1G which will not re- 
strict the operational capability of the weapon system. 
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29. Qualitative takeoff tests using the modified level accelera- 
tion technique, where the power is increased gradually until the 
aircraft accelerates through translational lift (13-15 knots), were 
made with both AH-1G configurations.    The results showed that 5 to 
10 percent more left pedal was required as the aircraft reached 
translation than the pedal position required for a stable hover 
under calm conditions.   This pedal travel requirement during take- 
offs was the same for both configurations and varies with the rate 
of power increase during the maneuver.    For moderate, comfortable 
rates of acceleration a control margin of 10 percent in a zero 
wind hover provides adequate directional control to perform a safe 
takeoff.    The degree to which this control margin affects the 
hover performance capability is shown in figures 1 and 5,  appendix 
II.    However, the 10-percent directional control margin for maneu- 
vering capability in a 15-knot wind required the more restrictive 
envelope shown in figure A. 

ARRESTMENT OF HOVER TURN RATES 

30. Tests were conducted to evaluate the effects of sudden ar- 
restments at various steady hover turn rates up to 30 deg/sec and 
at different gross weights.    Figure 51, appendix II, shows a maxi- 
mum of 225 tail rotor shp which was recorded while arresting a 
right turn at a rate of 30.9 deg/sec with a gross weight of 9090 
pounds.    For a total time of 2.9 seconds the tail rotor drive sys- 
tem load was above 165 shp which was the revised maximum allowable. 
At a gross weight of 9100 pounds the arrested turn rate was 21.5 
deg/sec  (fig 50).    The peak load was 204 shp and the time above 
165 shp was 1.4 seconds.    At a gross weight of 8100 pounds a hover 
turn rate of 21.1 deg/sec was arrested with a peak load of 178 shp, 
and the time above 165 shp was 0.6 seconds.    Following these tests, 
the examination of the gear boxes revealed a slight change in the 
gear wear pattern; but this change was not beyond the allowable 
tolerance.    This was the final flight of the program; therefore, 
the wear included all which was experienced during 18 hours of tes- 
ting.    The results indicate that rapid arrestment of hover turn 
rates greater than 30 deg/sec produce very high power loads in the 
tail rotor drive system.    Large pedal inputs  (more than one inch) 
must be avoided, regardless of the initial turn rate, to prevent 
excessive power loading of the tail rotor shaft or at least to mini- 
mize the period of time the tail rotor shaft horsepower limit  is ex- 
ceeded.    The operator's manual should be amended to include the warn- 
ing note as worded in the safety of flight release (ref 6, app I). 
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CONCLUSIONS 

31. The tractor tail rotor modification on the AH-1G helicopter im- 
proves the IGE maneuvering directional control and increases the pay- 
load capability significantly for similar wind/azimuth restrictions 
(para 28). 

32. Hie tractor tail rotor modification does not solve the basic 
directional control problem of the AH-1G,  and significant flight and 
gross weight restrictions are still required (para 28). 

33. The change to the yaw control geometry included in the tractor 
tall rotor modification is essential for all AH-1G helicopters and 
should be Incorporated at the earliest possible time  (para 25). 

34. A clear design and performance criteria for IGE yaw control 
power and directional response required for land based, attack heli- 
copters should be developed for future designs and current engineer- 
ing test evaluations  (para 23). 

35. The power loads in the tail rotor drive system with the tractor 
configuration are near the maximum allowed for stabilized IGE flight 
near the envelope limits and exceed the maximum allowed during IGE 
maneuvers requiring left pedal inputs (para 30). 

36. The level flight and hover performance results for the tractcr 
tail rotor AH-1G are close to those for the standard AH-1G.    The 
exact amount and significance of the difference would require fur- 
ther testing with a calibrated engine installed (paras 12 and 13). 

37. The handling qualities of the tractor tail rotor configuration 
throughout the forward flight envelope are the same as those for 
the standard AH-1G (paras 14 through 23). 
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I 
RECOMMENDATION 

38.    It is recommended that: 

| a.    The tractor tail rotor modification be considered for opera- 
tional AH-1G helicopters as an interim solution for the directional 
control problem. 

| b.   An immediate study and/or development program be initiated 
to provide a directional control system which will eliminate present 
wind/azimuth and gross weight restrictions and accept the resulting 
power loads without gear box damage. 

|  c.    A design performance criteria for land based, attack heli- 
copter directional control power and response requirements be estab- 
lished. 
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FIGUIC NO   45 
DIRECTIONAL CONTROL REQUIRED VS NMD AZIMUT« 

AN-IG S/N «-1SM7 
HEAVY SCOUT CONFIGURATION 

Rare»    G.N. 
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NOTE: 

i 
t.    UfMDARO TAIL ROTTOR CCNFI0ÜRAT10N. 
2. FULL LEFT DIRECTIONAL CONTROL - 

19* TAIL ROTOR PITCH. 
3. OPEN SYMBOLS DENOTE «AM DIRECTIONAL 

CONTROL POSITION REQUIRED TO R 
STABILIZE AIROtAFT. 

4. SOLID SYMBOLS DBWTE MAXIMUM LEFT 
DIRECTIONAL CCMTBOL easmCH    .     ^ . 
ENCOWTBRBD Mffil STAJMLI2ING AIRCRAFT. 
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FIGURE NO 46 
imcnmAL cgwnoL CAPAIIUTV 

m$ß USA S/N 66-15203 

L 
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flCÜRE MO i 47 

AH-1C UM S/N M.1S2«3 
TRACTOR TAIL ROTOR 

;;■ 
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FIGURE NO 48 
DIRECTIONAL CONTROL CAPABILITY 

MT-IG USA S/K 66-15283 
TRACTOR TAIL ROTOR 
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FlfiURE NO SO 

TURN ARRESTMENT IN HOVER 
AH-1G USA S/N   66-15283 

TRACTOR TAIL ROTOR 
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DENSITY ALTITUDE  I» 4280 FT 
ROTOR SPEED 
CONFIGURATION 
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FIGURE NO 52 
AIRSPEED CALIBRATION 

AH-1G USA S/N 66-15283 
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APPENDIX III. TEST   INSTRUMENTATION 

1. Fliglit test instrumentation was installed in the test helicopter 
by the contractor prior to the start of this evaluation with the ex- 
ception of the fuel flow counter. The counter was calibrated and 
installed by USAAVNTA personnel. The flight test instrumentation 
was maintained by the USAAVNTA personnel with assistance from the 
contractor instrumentation engineer during the test program. The 
following parameters were utilized during the various tests: 

Cockpit Panel 

Airspeed (boom) 
Altimeter (boom) 
Outside air temperature 
Tail rotor torque 
Sensitive rotor tachometer 
Fuel counter 
Sideslip angle 
Pedal position gage 
Record counter 

Photopanel 

Airspeed (boom) 
Altimeter (boom) 
Outside air temperature 
Fuel counter 
Exhaust gas temperature 
Gas producer speed 
Dual tachometer 
Record counter 

Oscillograph 

CG vertical acceleration Throttle position 
Engine delta torque pressure Pedal position 
Tail rotor shaft torque Pitch attitude gyro 
Main rotor and tail rotor azimuth Roll attitude gyro 
Longitudinal cyclic position Yaw attitude gyro 
Lateral cyclic position Pitch rate gyro 
Collective stick position Roll rate gyro 
Longitudinal SAS actuator position Yaw rate gyro 
Lateral SAS actuator position Tail rotor pitch angle 
Directional SAS actuator position Angle of attack 
Tail rotor flapping position Angle of sideslip 
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APPENDIX  IV AH-IG OPERATING LIMITATIONS 

Limit Airspeed (V^) 

1. Hog configuration - 180 KCAS below 3000 feet density altitude. 
Decrease 8 KCAS per 1000 feet above 3000 feet. 

2. Basic and Scout configurations - 190 KCAS below 4000 feet den- 
sity altitude. Decrease 8 KCAS per 1000 feet above 4000 feet. 

Gross Weight - Center of Gravity Envelope 

3. Forward Limit - Below 7000 pounds, fuselage station (FS) 190. 
Linear decrease from PS 190 at 7000 pounds to FS 192.1 at 9500 
pounds. 

4. Aft Limit - Below 8270 pounds, FS 201. Linear decrease from 
FS 201 at 8270 pounds to FS 200 at 9500 pounds. 

Sideslip Limits 

5. Five degrees at V^. Linear increase to 25 degrees at 60 KCAS. 

RPM Limits (steady state) 

6. Power on - 6600 to 6400 engine rpm 
324 to 314 rotor rpm 

7. Power on - 319 to 324 rpm 
during dives and maneuvers 

8. Power off - 304 to 339 rotor rpm 
250 rotor rpm transient lower limit 

Temperature and Pressure Limits 

Engine oil temperature        930C maximum 
Engine oil pressure 25 psi minimum - 100 psi maximum 
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APPENDIX V. PILOT RATING SCALE 

Ul a i » 
| i 
m 
% d 
>■ t 
-l 
5 » 
= i 

11 
i| 
S 1 

il 

g 
I . 
SS 

-J 

—  o. 

£ & 
Sä 
S  o 
ti 

M 

u o 
5 ^ 

i 
is 
;g 
O   u- 
<o   UJ 

11 
S UJ 

5s 

UJ 

s 
UJ 

s e 
» ■ 

»i- * 

Ifi 
si 

CO   o 

s i 
t— de o o 
UJ u. 

3 & 

s s 
UJ   to 

Sä 

f s £ 
& iä ui 
UJ -J 

2 2 5 
» = £ 
UJ UJ o 

g. 
ö  u  - il"! 

■^  .55 
ui   c/>   x 

ö 2 ui _ 

5 3 I s 

lö o -J £ 
■u        o.  UJ 

_§: 

_   o   to   o 
SSiS 

11 
II 

a* 

I? 

1 s 

l p 

8- 
-J 

>•  -I 

I! 
SS 
9Z 

! 

I 
ii 

MX» ->   5 «2 " |S « - 
UJ   O   5      i UJ   CA 

S & ü * 8.x 
*-* o x Q UJ K 
ü o C » o — ^ 

H- K K 5    CO UJ    < 
« «r tu t— X   co _•   cn 

^ & 5 i i  I * 9 

O    UJ 

ill 
s    13 

B        X   ö 

i   s S t I 
O        XU«« 

i § 3 8 

UJ O    Ö UJ I s s s  . 8 — « UJ 
5   0 8.^ 1 ä 
— I- UJ UJ O — 
co o oc — U- (O 
<o      IJ          E oe   « 
— — u.   o ui  UJ 

i • ^ i 
£ UJ -t »- 

S    Ul    —    CO 

s =|il5is u. » E 5 « x -J 
S S 1 5 £ S s: 

^ g i 
u.   o   X 

ac      UJ  -i  o  <» 

s 5§io 

I 
I- 

S 

§ 

72 



APPENDIX VI. DISTRIBUTION 

Agency 

Commanding General 
US Army Aviation Systems Command 
ATTN: AMSAV-R-F 

AMSAV-R-FT 
AMSAV-C-A 
AMSAV-L-F 
AMSAV-R-EH 
AMSAV-C-W (weapons only) 
AMSAV-R-R 

PO Box 209 
St. Louis, Missouri 63166 

Commanding General 
US Army Materiel Command 
ATTN: AMCPM-IR 
PO Box 209 
St. Louis, Missouri 63166 

Commanding General 
US Army Materiel Command 
ATTN: AMCRD 

AMCAD-S 
AMCPP 
AMCMR 
AMCQA 

Washington, D. C. 20315 

Commanding General 
US Army Conibat Developments 

Command 
ATTN: USACDC LnO 
PO Box 209 
St. Louis, Missouri 63166 

Commanding General 
US Continental Army Command 
ATTN: DCSIT-SCH-PD 
Fort Monroe, Virginia 23351 

Equipment 
Test   Failure  Interim  Final 
Plans  Reports  Reports Reports 

5 
3 

2 
2 

2 
2 

5 
3 
2 

11 11 

15 
3 
2 
1 
2 
2 
1 

1       1      2 
1 
1 
2 
1 

11 
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Equipment 
Test   Failure  Interim  Final 

Agency Plans  Reports  Reports Reports 

Commanding General 
US Army Test and Evaluation 

Command 
ATTN: AMSTE-BG 2      2       2      2 

USMC LnO 1-11 
Aberdeen Proving Ground, 

Maryland 21005 

Commanding Officer 
US Army Aviation Materiel 

Laboratories 
ATTN: SAVFE-SO, M. Lee -      -       -      1 

SAVFE-TD -      -       -      2 
SAVFE-AM -      -       -      1 
SAVFE-AV -      -       -      1 
SAVFE-PP -      -       -      1 

Fort Eustis, Virginia 23604 

Commanding General 11       11 
US Army Aviation Center 
Fort Rucker, Alabama 36362 

Commandant 11       11 
US Army Primary Helicopter School 
Fort Wolters, Texas 76067 

President 11       11 
US Army Aviation Test Board 
Fort Rucker, Alabama 36362 

Director -      1       11 
US Army Board for Aviation 

Accident Research 
Fort Rucker, Alabama 36362 

President -      -       -      1 
US Army Maintenance Board 
Fort Knox, Kentucky 40121 
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Equipment 
Test   Failure  Interim  Final 

Agency Plans  Reports  Reports Reports 

Commanding General 
US Army Electronics Command 
ATTN: AMSEL-VL-D -      -        -      1 
Fort Monmouth, New Jersey 07703 

Commanding General 
US Arav Weapons Command 
ATTK: AMSWE-RDT -      -       -      2 

AMSKE-RLW -      -        -      2 
(Airborne Armament Flyine Only) 
Rock Is la id Arsenal 
Rock Island, Illinois 61202 

Commandant -      -       -      1 
US Marine Corps 
Washington, D. C. 20315 

Director 1      -       12 
US Marine Corps Landing 

Force Development Center 
Quantico, Virginia 22133 

US Air Force, Aeronautical 
Systems Division 

ATTN: ASZTB -      -       -      1 
ASNFD-10 -      -        -      1 

Wright Patterson Air Force Base, 
Ohio 45433 

Air Force Flight Test Center 
ATTN:    FTBPP-2 - - - 5 

FTTE - - - 2 
Edwards Air Force Base, 

California   93523 

Naval Air System Command - - - 1 
Headquarters (A530122) 
Department of the Navy 
Washington, D. C.    203SO 
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Agency 

Commander 
Naval Air Test Center 

(FT23) 
Patuxent River, Maryland 

Equipment 
Test  Failure  Interim  Final 
Plans  Reports  Reports Reports 

20670 

Federal Aviation Administration 
ATTN: Administrative Standards 

Division (MS-110) 
800 Independence Avenue S.W. 
Washington, D. C. 20590 

Department of the Army 
Deputy Chief of Staff for Logistics 
ATTN: LOG/MED 

LOG/SAA-ASLSB 
LGG/OSALSCE 

Washington, D. C. 20310 

Department of Army 
Army Concept Team in Vietnam 
AP0 San Francisco 96384 

1 
1 
1 

Director 
US Army Aeromedical Research Unit 
Fort Rucker, Alabama 36362 

Avco/Lycoming Division 
Stratford Plant 
550 South Main Street 
Stratford, Connecticut 06497 

Mr. Ted Hoffman 
Bell Helicopter Company 
Military Marketing Sales Engineering 
PC Box 482 
Fort Worth, Texas 79901 

Defense Documentation Center 
Cameron Station 
Alexandria, Virginia 22314 
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UNCLASSIFIED 
Stcurity CU»»ific«tion 

DOCUMENT CONTROL DATA RID 
(Stcurliy elmmtlUeatlon of lltl; body of mhtltmcl mnd IndiMlnj tmolallcn wmt h* «wrggg wh»n^>»o^jmUnpMn±_clmMllMj 

I. OMieiNATiNa *cTi viTV cCorparor« author; 

US Army Aviation Systems Test Activity (USAASTA) 
Edwards Air Force Base, California 93523 

M. MKPOHT tKCUNITV  CLAItiriCATION 

ab. CROUP 
UNCUSSTF1ED 

1. RKPOKT  TITLK 

ARMY PRELIMINARY EVALUATION OF THE AH-1G TRACTOR TAIL ROTOR MODIFICATION 

4. OKtCNiPTlVB NOT«! (Typ» of report and Ineluilv dmtut) 

Final Report - 19 July 1968 through Mav 1969 
u THOMdi (Flttt nomo, mlrfdf* Inftiof. laaf naoio) «  *uTHON(t) fFfral naoia, rnlMlo Inffiat, faaf naoia; 

Marvin W. Buss, Project Officer/Pilot 
John I. Nagata, Project Engineer 

'«■ NtPORT DATC 

May 1369 

7a.   TOTAL  NO. OP PACK* 

JL 
7b.  NO. Or HBF» 

ta.   CONTNACT OR  ORANT NO. 

b.  PROJECT NO. 

USAAVSCOM 68-37 

M.  ORIOINATOR*» RSPORT  NUMBKRIt) 

USAASTA  68-37 
•b. OTHER RtPORT NO(S> (Any otfior nunbor* (hat 

thl» Mpert) 
N/A 

atar bo aaaftfnatf 

10   OtSTRiauTION tTATKMKNT 

This document may be further distributed by any holder only with specific prior 
approval obtained through the CG, Hq, USAMC, ATTN: AMCPM-IR, P0 Box 209, St. Louis, 
MijlflMtJ iüM 

II.  tUPRLBMCNTARV  NOTKt 

13.  ASITNACT 

It.  tPONtORIN« MILITARY   ACTIVITV 

Commanding General 
US Army Materiel Command, ATTN: AMCPM-IR 
PQ Box 209. St. Louis. Missouri  63166 

'The Army Preliminary Evaluation of the tractor tail rotor modi- 
fication on the AH-1G helicopter was conducted, .in California at 
Bishop Municipal Airport   (4000 ft)  and Coyote'f lats   (9500 ft)  during 
the period 9 August to 31 August 1968. "rThis test was conducted to 
confirm the results of the feasibility tests with the proposed final 
configuration for this modification and also to evaluate both the 
performance in hover sind level flight and the handling qualities 
throughout the flight envelope.    This modification provides an in- 
crease in the usable in-ground-effect  (IGE) operating envelope and 
improves the directional  control characteristics while maneuvering. 
The test showed good agreement with the results of the earlier feas- 
ibility tests.    The maximum safe IGE maneuvering envelope for the 
tractor tail rotor AH-1G was determined and defined by those condi- 
tions of gross weight and density altitude where a 10-percent direc- 
tional control margin was available in the critical  azimuth in a 15- 
knot wind.    Using the same criteria for the standard AH-1G configu- 
ration, the difference due to the improved directional control with 
the tractor tail rotor is  equivalent to an additional  1500 poundsx 
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